Roehybridine β-N-oxide (RNO) is a proaporphine-tryptamine dimer alkaloid from Roemeria hybrida. RNO possesses five stereogenic centers and so far its absolute configuration has not been determined. In this study, the absolute configuration of RNO was established as 6aS,7aR,6R,9S,10R by comparing experimental and TDDFT calculated electronic circular dichroism (ECD) spectra. In addition, we have reported an amendment indicating exact 1 H and 13 C chemical shifts of RNO. RNO exhibited cytotoxic activity when tested in vitro against prostate cancer cell lines including PC3 and DU145. The IC 50 values of RNO against PC3 and DU145 were 13.3 and 15.1 µg/mL, respectively.
Isoquinoline alkaloids are a large class of alkaloids with versatile biological properties [1] . Roemeria hybrida, which belongs to the family Papaveraceae, contains a rare class of isoquinoline alkaloids, namely, proaporphine-tryptamine dimers [2] [3] [4] . To date, several alkaloids of this class such as roemeridine, roehybridine, roehybridine α-N-oxide (1), roehybridine β-N-oxide (2), roehybramine and roehybramine β-N-oxide have been characterized from the aerial parts R. hybrida [4, 5] . Gözler et al. reported roemeridine and roehybridine from Turkish origin as major constituents, and roehybridine α-N-oxide and roehybramine β-Noxide as minor constituents [3] . The relative configuration of roemeridine was established as 7S*,10S*,12S*, 13S* using X-ray crystallography in 1989 [6] . However, the absolute configurations of proaporphine-tryptamine dimer alkaloids of R. hybrida remain unknown to date.
As a part of our ongoing research on anticancer natural products, we found a cytotoxic alkaloid, namely, roehybridine β-N-oxide (3, RNO) from the aerial parts of R. hybrida. The structure reassignment of RNO using 1D and 2D NMR techniques showed some differences between NMR spectral data of our findings with those previously reported by Güneş et al. in 2001 [3] . They did not report the absolute configuration of roehybridine α-N-oxide (1) and roehybridine β-N-oxide (2) . In addition, the 13 C and 2D NMR spectral data of roehybridine β-N-oxide (2) have not been reported in the literature. Therefore, the absolute configuration of RNO (3) was investigated by experimental and TDDFT calculation of electronic circular dichroism (ECD) spectroscopy. When chiral compounds possess appreciable chromophores ECD may provide a powerful approach to the determination of their absolute configuration. Recent advances in computational chemistry made it possible to predict physicochemical properties of chemical compounds and provide a reliable platform for determination of absolute configuration by comparison of experimental and calculated data of isolated natural compounds [8] [9] [10] . RNO possess five stereogenic centers at C-6, C-6a, C-7a, C-9 and C-10. Therefore, we aimed to determine the absolute configuration of the mentioned stereocenters in RNO using ECD spectroscopy. In the present work, in vitro cytotoxic properties of this alkaloid have also been evaluated on two different prostate cancer cell lines (PC3 and DU145) using AlamarBlue assay.
Normal-phase (silica gel) column chromatography of the methanol extract of aerial parts, followed by prep TLC [CH 2 Cl 2 :CH 3 OH:NH 3 25 % (10:10:1) as solvent], afforded RNO (3). The 1 H and 13 C NMR resonances (Table 1 ) of RNO were assigned by different 2D NMR experiments. The 1 H NMR spectrum showed resonances characteristic of an N-methyl singlet at δ 3.08 and four methoxy singlets at δ 3.51, 3.90, 3.94 and 3.99 ppm. Three aromatic protons at δ 6.91 (1H, s), 7.08 (1H, s) and 7.37 (1H, s) were also observed in the 1 H NMR spectrum. The other parts of the structure were also assigned through 13 C NMR, HMQC, 1 H-1 H COSY and HMBC experiments. In the HMBC spectrum, the correlations of N-CH 3 (δ H 3.08) with C-5 (δ C 55.0) and C-6a (66.7); δ H H-6' (3.12) with δ C C-7' (39.2), C-5'b (109.0), C-8' (129.0) and C-5'a (119.6); 9-OCH 3 (δ H 3.51) with C-9 (79.1); H-7 (δ H 1.98, 3.26) with C-6a (δ C 66.7), C-7a (45.8), C-12 (32.1), C-7b (132.9) and C-7c (127.5); and H-11 (δ H 2.33) with C-10 (δ C 61.4), C-9 (79.1), C-12 (32.1) and C-7a (45.8) confirmed the structure of RNO (3) (Figure 1) . [3] . They reported the relative configuration of roehybridine α-N-oxide (1) and roehybridine β-N-oxide (2) as 6aS*, 7aR*, 6S*, 9S*10S*, and 6aS*,7aR*,6R*,9S*,10S*, respectively. The 1 H NMR and 13 C NMR (except for compound 2) spectral data of three compounds including roehybridine α-N-oxide (1), roehybridine β-Noxide (2) and RNO (3) are shown in Table 1 . The minor variation in chemical shift is due to solvents used for data recording. In the experimental ECD spectrum, RNO (3) revealed a sequential positive and negative Cotton effect around 300 and 220 nm, respectively. These features are due to π→π* transition of aromatic and indole moieties. The calculated ECD results for five stereoisomers are represented in Figure 2B . Three stereoisomers showed distinct ECD spectra with a strong positive Cotton effect (CE) at 220 nm, and therefore we could rule them out. Two stereoisomers 6aS,7aR,6R,9S,10R and 6aS,7aR, 6R,9R,10R showed very similar ECD spectra as those of the experimental data with sequential positive and negative CEs around 280 and 220 nm, respectively ( Figure 2B ). Differences between calculated and experimental spectra were apparently due to minor differences between calculated and solution conformers. On the basis of ECD data it was difficult to decide which configuration can be accepted. Therefore, we needed another independent method to rule out one of them. In this regard, optical rotations (OR) of these stereoisomers were calculated using the same method described in the Experimental. The optical rotation values for 6aS,7aR,6R,9S,10R and 6R,6aS,7aR,9R,10R stereoisomers were calculated as -38.1 and +47.0, respectively, whereas the experimental optical rotation of RNO (3) was determined to be [α] 25 D = -48.5 (c 0.04 MeOH). Taking into account the good agreement between calculated and experimental ECD spectra and optical rotation values we concluded that RNO (3) had the (6aS,7aR,6R,9S,10R) configuration. Our findings revealed that the stereochemistry of C-10 in RNO was different from those previously reported for roehybridine α-N-oxide (1) and roehybridine β-N-oxide (2), and should be R configuration (Figures 1 and 3) . In addition, the configuration of N-6 should be R, similar to that of roehybridine β-N-oxide (2). 13 C NMR spectral data of roehybridine α-N-oxide (1) and previously reported roehybridine β-N-oxide (2) in CDCl 3 , and roehybridine β-N-oxide (3) in CD 3 OD reported in this paper. The cytotoxic activity of RNO was evaluated on two prostate cancer cell lines, PC3 (an androgen-independent prostate cancer cell line) and DU145 (an androgen-dependent prostate cancer cell line). RNO showed cytotoxic effects on both cell lines with IC 50 values of 13.3 (PC3) and 15.1 (DU145) µg/mL. To our knowledge, this is the first report on the biological properties of RNO. However, further investigations are needed about its cytotoxic activities on other cell lines and its mechanisms of action.
RNO (3) was firstly identified from R. hybrida by Güneş and Gözler in 2001

Experimental
General experimental procedures:
NMR experiments were carried out on a Bruker DRX-600 spectrometer (Bruker BioSpin GmBH) equipped with a Bruker 5 mm TCI CryoProbe at 300 K. All 2D-NMR spectra were acquired in CD 3 OD (99.95%, Sigma-Aldrich) and standard pulse sequences and phase cycling were used for COSY, HSQC, HMBC, and ROESY spectra. The NMR data were processed using MestReNova software, version 6.0.2. Optical rotation was measured on an Autopol IV (Rudolph Research Analytical) polarimeter.
Plant material:
The aerial parts of Roemeria hybrida (L.) DC. were collected from Pivejan, Khorasan-Razavi province, in April 2013. The plant material was identified by Mohammad Reza Joharchi, Ferdowsi University of Mashhad Herbarium (FUMH). A voucher specimen has been deposited at the herbarium of the School of Pharmacy, Mashhad University of Medical Sciences.
Materials: AlamarBlue® (Resazurin) and dimethyl sulfoxide (DMSO) were obtained from Sigma-Aldrich. Doxorubicin (2 mg/mL vial injection, purity = pharmaceutical grade) was obtained from Boryung (Korea). Light petroleum, ethyl acetate and all other organic solvents were purchased from Mojallali Company (Iran). Si gel GF 254 (preparative thin layer chromatography) was obtained from Merck.
Extraction and isolation:
The methanol extract of Roemeria hybrida was obtained by maceration of the dried and milled aerial parts (800 g) for 3 days. After every 24 h, the methanol was filtered and new solvent was added to the plant powder. The combined extracts were concentrated to dryness under vacuum. A crude extract (180 g) resulted after removal of the extraction solvent. This was suspended in H 2 O and acidified with 1.5 N HCl to pH 3-4. The acidic solution was first washed with CH 2 Cl 2 , 3 times. The aqueous residue was basified with NH 3 (10 %) and extracted with CH 2 Cl 2 to provide the alkaloid fraction (2.0 g). Part of this was subjected to PTLC on Si gel (GF 254 , 20 × 20 cm glass plates) using CH 2 Cl 2 :CH 3 OH:NH 3 25% (10:10:1) as mobile phase. Observation of plates was carried out under an UV CAMAG spectrometer (254 nm) and using Dragendorff's reagent. Finally, 20 mg of pure RNO was obtained as an amorphous powder.
ECD computational details: Conformational analysis for RNO (3)
was performed with MacroModel 9.1 software (Schrödinger LLC, New York) using the OPLS 2005 (Optimized Potential for Liquid Simulations) force field in H 2 O. Conformers occurring within a 1.0 kcal/mol energy window from the global minimum were chosen for geometrical optimization and energy calculation using density function theory (DFT) with the B3LYP functional and the 6-31G** basis set in the gas-phase with the Gaussian 09 program [11] . Vibrational analysis was made at the same level to confirm minima. TD-DFT/B3LYP/6-31G** was conducted in MeOH using the SCRF method, with the CPCM model. ECD curves were constructed on the basis of rotatory strength dipole velocity (R vel ), and dipole length (R len ) was calculated with a half-band of 0.3 eV using SpecDis v1.61 [12] . The OR calculations were carried out with TDDFT/GIAO methodology using B3LYP/6-31G** in MeOH (SCRF/ CPCM). The optical rotation values were constructed based on Boltzmann-weighting, according to their population contribution.
AlamarBlue ® assay:
In order to evaluate the cytotoxic activity of RNO, AlamarBlue ® (BioSource Invitrogen, Paisely, UK) was used as a non-fluorescent substrate. With some modifications, the method was similar to that previously prescribed by Van Haaften et al. [13] . 1×10 4 of PC3 and DU145 cells were seeded in 96-well plates. RNO was dissolved in DMSO and added at final concentrations of 1, 10, 25 and 50 µg/mL. After 24 h, cells were treated with the isolated compounds at the mentioned concentrations. The final percentage of DMSO in culture media was 0.01%. After 48 h, the incubated cells were treated with AlamarBlue ® reagent (10% of cell culture volume). After 1 to 4 h the absorbance was measured at 600 nm using a microplate reader. Doxorubicin (0.1, 0.5, 1, 2.5, 5 and 10 µg/mL) was used as positive control and viability of cells was obtained via comparison of absorbance of negative control wells with treated wells. All experiments were carried out in triplicate.
Supplementary data:
Supplementary data of this work is available.
